To evaluate the accuracy of electrocardiogram (ECG)-gated single-photon emission computed tomography (SPECT) for the assessment of left ventricular (LV) end-diastolic volume (EDV), end-systolic volume (ESV) and ejection fraction (EF) compared with the 'gold' standard of cardiac magnetic resonance imaging (MRI).
The data extraction was performed in duplicate by two independent investigators. Any discrepancies were resolved by consensus and by using a third investigator as arbitrator. Details on the items of data extracted from the primary studies were reported in the paper. For each patient, the authors recorded the EDV, ESV and EF with each imaging modality. When numerical data were not given directly, relevant information was extracted from graphs or by communication with study investigators.
When ECG-gated SPECT measurements had been corrected by a phantom-study correction factor, the analysis was performed with both uncorrected and corrected values. The sensitivity, specificity and overall misclassification rate of ECG-gated SPECT measurements were calculated in terms of classifying patients as having EF greater than 40% versus less than or equal to 40%, separately for each study. The authors verified that regression analyses from the data of each study replicated the regression coefficients provided in the respective published report, typically within 1%.
Methods of synthesis
How were the studies combined?
The main analysis involved pooling individual patient data across studies. Scatter plots were generated with ECGgated SPECT measurements on the y-axis and cardiac MRI measurements on the x-axis. Pearson correlation coefficients (r) were estimated, and linear regression was applied to each set of ECG-gated SPECT data versus cardiac MRI data. Unweighted least-squares methods were used to estimate the intercept and slope coefficients and 95% confidence intervals (CIs). Coefficients of determination and standard errors of these estimates were calculated for each regression.
The proportion of cases and 95% CIs for differences of at least 30 mL in the EDV, at least 20 mL in the ESV, and at least 5% or 10% in the EF between the two methods were calculated. Both simple pooling and weighted randomeffects modelling were used to estimate the proportions.
Sensitivity and specificity estimates were pooled by simple pooling and by random-effects pooling across studies. A summary receiver operating characteristic curve approach was not used, as studies tended to operate in the same area of the curve.
How were differences between studies investigated?
The authors estimated correlation coefficients and regression slopes for individual studies and examined whether these were heterogeneous. Bland-Altman plots and regressions were used to examine whether the difference in the two measurements varied at different levels of the EDV, ESV or EF (see Other Publications of Related Interest).
Between-study heterogeneity in the proportions exceeding the differences outlined above was assessed using exact inference for nx2 tables, where n was the number of studies.
Separate analyses were conducted for subgroups defined on the basis of low EF (less than or equal to 40% by ECGgated SPECT) compared with normal or intermediate EF, normal compared with low ESV (70 mL cut-off by ECGgated SPECT) and blinding parameters. These subgroups were assessed to investigate whether there were differences in the concordance of the two methods, as expressed by the metrics outlined already.
Results of the review
Eight studies were included; the number of patients not reported.
Correlation between ECG-gated SPECT and cardiac MRI.
There was excellent correlation between ECG-gated SPECT and cardiac MRI for EDV (r=0.89), ESV (r=0.92) and EF (r=0.87); P<0.001 for all correlation coefficients. The estimated regression equations suggested that ECG-gated SPECT tends to overestimate EDV and ESV compared with cardiac MRI for values less than 89 mL, while it tends to overestimate EDV and ESV at higher volumes. On average, ECG-gated SPECT tends to overestimate EF when EF is very low (less than 31%) and underestimate EF when ventricular function is preserved. Rates of discrepancy.
For individual patients, the rates were:
37% (95% CI: 26, 50) for discrepancies of at least 30 mL in EDV;
35% (95% CI: 23, 49) for discrepancies of at least 20 mL in ESV;
52% (95% CI: 37, 63) for discrepancies of at least 5% in EF; and 23% (95% CI: 11, 42) for discrepancies of at least 10% in EF.
Use of ECG-gated SPECT in identifying patients with an EF of less than or equal to 40%.
The sensitivity ranged from 50 to 100% and the specificity ranged from 75 to 100%. When using a random-effects method to pool the studies, the sensitivity was 83% (95% CI: 69, 92) and the specificity was 84% (95% CI: 75, 90).
Authors' conclusions
ECG-gated SPECT measurements of EDV, ESV and EF show high correlation with cardiac MRI measurements, but substantial errors may occur in individual patients. ECG-gated SPECT offers useful functional information, but cardiac MRI should be used when accurate measurement is required.
CRD commentary
This was a well-conducted review. The objective was clearly defined and supported by explicit inclusion criteria. The literature search was limited to two databases, but it was unclear whether any language restrictions were applied or whether attempts were made to include unpublished studies. It is therefore possible that some important studies might have been missed and the review may be subject to publication bias. Some methodological details of the review process were reported and these included appropriate attempts to minimise bias. Although some methodological details relating to the quality of the primary studies were extracted and discussed, validity was not formally assessed.
Very few details of the primary studies were tabulated, although some important details were discussed in the text. Appropriate methods were used to synthesise the study results. The authors' conclusions are supported by the results presented.
